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(54) Elastic shaft coupling apparatus 

(57) An elastic plate member 7 is clamped between an input-side stopper plate 5 and an output-side stopper 
plate 6, the input-side stopper plate being secured to an input-side member A and the output-side stopper 
plate to an output-side member B. Tubular members 8 and collar members 1 1, into which respective tubular 
members are inserted, are interposed between the elastic plate member 7 and a flange portion 1 of input-side 
member A. The input-side member A and the output-side member B are elastically coupled in both the axial 
and circumferential directions. A tilting-restricting shaft 14 is formed on either the input-side or output-side 
stopper plate and engages in a hole 12 in a tilting-restricting member (C, Fig 1). 
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ELASTIC SHAFT COUPHSG APPARATUS 

The present invention relates to en elastic shaft 
coupling apparatus which is capable of elastically transmitting 
5 a rotating force fro. an input-side member to an output-side 
member, of improving the performance of isol.ting vibrations 
occurring during the transmission, and of favorably coping with 
the tilting (inclination, of the input-side member and the 
output-side member relative to each other with respect to the 
10 axial direction. 

in a conventions steering system, an elastic shaft 
coupling apparatus having a mechanism for preventing the tilting 
of en input shaft and an output shaft of the elastic shaft 
coupling apparatus is disclosed in Japan... Patent Application 
15 publication Mo, 75405/1992. To summarize th. strnctur. of th. 
j „,t-m.ntio».d elastic shaft coupling apparatus, as shown in 
Fig. IS, • Pair of stopper plates s »r. r.sp.ctiv.ly disposed 
on both sides of an elastic pl.t. member . in such a manner as 
to face axial end sides of an input shaft c and an output shaft 
20 d. 

The stopper plate » and the input shaft c on one side, 
and th. stopper plat. * and th. output shaft d on th. oth.r side, 
are pin coupled together by means of bolts, thereby coupling 
the input Shaft c and th. output shaft d with the elastic plat. 
25 member • clamped therebetween. 



In this eI ,Uc shaft coupling structure, appropriate 
ga ps are respectively provided the — U« stopper 

" O PX.«S . and the end o< the input shaft - »' «» — 

s haft d corresponding and the input shaft c and .he 

, MIP « shaft - «a adapted to - rotatahle relative ... ^ other 
at „ arhitr.ry rotating angle h y — - ° £ 

slMtiC PL" »e„ b er a. — » * " 

„t a centre of either one of the stopper 
projectingly provided at a centre 

r plat receiving hole h for receiving the support shaft 

I0 . is for»ed in an end face portion of the input shaft c or the 
out put shaft d opposing that stopper plate s. and the support 
S h,ft a is inserted and disposed in the receiving hole > with 
a n elastic material , disposed in the receiving hole „ in such 
a manner as to surround the support shaft a. 

„ the ahove-deserihed structure is adopted, there are 
cas es -here dra.hacKs can occur such as that, due to an error 
in th -IT of the support shaft a of the stopper plate s 

off ,.t, and that the poor position.! accuracy of the support 
20 shaft a of the stopper plate s results in misalignment hetween 
the ases of the support shaft a and the input shaft c or the 

output shaft d. 

Xn such a case, in an inserting and coupiing section 
formed hy the support shaft , of the stopper pXate s. which is 
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th e receiving hole * for receiving the support shaft the 
support shaft . of the stopper plate s is forcibly inserted in 
D the receiving hole » due to the offset of the axes . As a result . 
th e support shaft a of the stopper plate s and the receiving 
5 h ole h are set in a mutually offset state, so that the support 
shaft a is set in a state of uneven contact with the elastic 
serial f provided between the support shaft a and the inner 
peripheries of the receiving hole ». 

consequently, there occurs an increase in axial sliding 
10 resistance hetween the outer peripheral surface of the support 
shaft a of the stopper plate . and the elastic materiel / in 
th . receiving hole b, which ma*es it impossible for the elastic 
pl ,te member . to undergo smooth defl.ctiou in its axial 
erection. This also leads to the possibility of degrading the 
15 function of transmitting vibrations from the steering gear side 
to the steering shaft side while dampening the vibrations by 
mean, of the axial deflection of the elastic plate member .. 
rurther, there is . possibility that variations in the amount 
of axial deflection of the elastic plate member . become large. 
20 and causing variations in the spring constant in individual 
elastic shaft coupling apparatuses and leading to instability 

in performance. 

!f . desired elastic shaft coupling apparatus is to be 
obtained which is capable of more substantially dampening the 
25 vibrations transmitted from the steering gear side to the 



stearin, shaft side, th. abov.-d.scrib.d drawbars necessitates 
th e provision of a structure which increases the sprin, constant 
} o £ the elastic plate member . . deflection difficult 

„ occur, in the direction of relative rotation of the input 
, shaft c and the output shaft d. ana lowers the sprin, constant 
in th. axial direction, thereby facilitate the relative 

section and stabilising their movement in the axial direction. 

In addition, to realise such a structure. it is 
10 conceivably necessary to enhance parts proc.ssin, accuracy or 
s.semblin, accuracy, or enlar g e the clearance between the outer 
periphery of the support shaft a of the stopper plate s and the 
mastic material f accomodated in the receiving hole b. so as 
„ expand an allowable r.n,e of — However, the former 
15 measure increases the product cost, and the latter measure has 
th . possibility of maxin, it possible to sufficiently display 
th . function for prevent!., the tiltin, of the input shaft c 
and the output shaft d in the elastic shaft coupling apparatus. 

In accordance with ' the present invention, there rs 
20 provided an elastic shaft couplin, apparatus comprising an 
in p„t-side stopper plate; an output-side stopper plate; an 
elastic plat, -ember clamped by the input-side stopper plate 
and th. output-sid. stopp.r plate, tubular members; collar 
members into which th. tubular m.»b.rs ar. respectively inserted 
25 with clearances; an input-side member secured to the input- 



side stopper plate at an appropriate interval therewith via the 
tub ular members and the collar members; an output-side member 
O secured to the output-side stopper plate at an appropriate 
interval therewith via the tubular members and" the collar 
5 members, and elastically coupled to the input-side member in 
an axial direction and in a circumferential direction; a 
tilting-restricting shaft formed on one of the input-side 
stopper plate and the output-side stopper plate; and a 
tilting-restricting member fixed between the elastic plate 
10 member and one of the input-side member and the output-side 
m ember. and having a tilting-restricting hole for accommodating 
the tilting-restricting shaft therein. Accordingly, it is 
possible to satisfactorily restrict the tilting of the 
input-side member and the output-side member in the elastic 
15 coupling of the steering system, and improves the operating 
efficiency in assembling the apparatus. 

The present invention will hereinafter be further 
described with reference to the accompanying drawings, in which: 
Fig. 1 is a side elevational view of an elastic shaft 
20 coupling apparatus in accordance with an embodiment of the 
present invention; 

Fig. 2A is a vertical side cross-sectional view of 
essential portions of the elastic shaft coupling apparatus in 
accordance with the present invention; 
25 Fig. 2B is a cross-sectional view taken along in the 



direction of arrows along lino P - P in Fig. 2A; 

ri9 . 3 is an exploded perspective view of the essential 
O Portions in accordance with the present invention, 

Pig. 4 is a vertical side cross-sectional view of the 
5 essential portions, and illustrates a state in which the axis 
o£ , til ting-restricting shaft and the centre of a tilting- 
restricting hole are aligned even though the axes of an 
input-side member and an output-side member are not aligned with 
each other; 

W Pig. SA is . schematic diagram illustrating the 

positional relationships among the tilting-restricting shaft, 
tubular meters, and shaft-shaped fixing means which are fitted 
in a tilting-restrictin, -ember in a state in which the axes 
of the input-side member and the output-side member are aligned 

15 with each other; 

rig . 5B is a schematic diagram illustrating the 
positional relationships among the tilting-restricting shaft, 
the tubular members, and the shaft-shaped fixing means which 
are fitted in the tilting-restricting member in a state in which 
2 0 the axes of the input-side member and the output-side member 
are not aligned with each other; 

Pig. 6A is a vertical side cross-sectional view of the 
essential portions, and illustrates a state in which the 
tilting-restrictin, shaft is restored from its offset state with 
25 respect to the tilting-restricting hole; 



rig. 6B is a schematic plan view of the tilting- 
restricting a^er, and illustrate, the state in which the 
til ting-restricting shaft is restored fro. its offset state with 
respect to the tilting-restricting hole; 

Fig. 7A is a perspective view of a modification of the 
tilting-restricting member; 

Fig. 7B is a vertical side cross-sectional view of the 
essential portions in which the tilting-restricting member 
shown in Fig- 7A is used; 

Pig. 8A is a perspective view of another modification 
of the tilting-restricting member; 

Fig. 8B is a vertical side cross-sectional view of the 
essential portions in which the tilting-restricting member 
shown in Fig. 8A is used; 

Fig. 9 is a vertical side cross-sectional view of 
essential portions of the elastic shaft coupling apparatus in 
accordance with another embodiment of the present invention; 

Fig. 10A is a perspective view of still another 
modification of the tilting-restricting member; 
, Fig. 10B is a vertical front cross-sectional view of the 

essential portions in which the tilting-restricting member 
shown in Fig. 10A is used; 

Fig. 11 is a side elevational view of the elastic shaft 

-„ a , rnr( i an ce with still another embodiment 
coupling apparatus m accordance witn s^-l 

5 of the present invention; 



Pig. 12* is an exploded perspective view of the essential 
portions of the elastic shaft coupling apparatus in accordance 
O «i« a further end>odi»ent of the present invention, 

Pig. .1» is a vertical side cross-sectional view of the 
5 til ting-restricting »e»her and its associated parts shown in 
Fig. 12A; 

12C is a vertical side cross-sectional view of a 
collar »e*h.r and its associated parts shown in Pi*. 1», 

rig . 13 is a side view, partly in section, of the essential 
10 portions of the elastic shaft coupling apparatus in accordance 
with . still further e»hodi»ent of the present invention; 

>4A is a vertical side cross-s.ctional view of the 
essential portions in which a tilting-restricting .e^her having 
separately forced collar »es>bers is used; 

Pi g. »B is a perspective view of the til tin,-restrieting 
m e»ber having the separately forced collar »e»bers; 

Pi,. IS* is a fragmentary side view of the elastic shaft 
coupling apparatus in accordance with a further e^odi-ent of 
the present invention? 

portions shown in Fig. 15A; 

r±,. 15C is an enlarged cross-sectional view of other 

essential portions shown in Fig- 15B; and 

ri9 . 1. is a vertical side cross-sectional view 
25 illustrating the elastic shaft coupling apparatus in accordance 



with the conventional art. 

>s shown in «... 1 and a*, the elastic shaft couplin, 
) apparatus in accordance with the present invention has a 
oouplin, structure in which an input-side member A and an 
5 output-side member B ar. coupled together via an elastic plate 
member 7. such that the rotatin, force in the rotatin, force 
iB transmitted via the elastic plate member 7 , and the input-side 
„ * and the output-side -e»her » are coupled to,ether 
.Xa.tic.lly in the .rial direction, as specific examples of 
„ th. input-side member * «- cutput-sid. member », it rs 

pos.ihie to use shaft meters which are formed as f lan 9 e shaft 
m embers havin, flan,.. »t their shaft ends, or shaft meters 
formed as yoke members, or a combination th.r.of . In th. c.s. 
vh ere the fl.nce shaft member and the yoke member are used rn 
„ oombination. a flan,e portion, which opposes . flan*, portion 
of the fl.«,e shaft member, is laterally formed from a plate 

» forked portion 2 comprise two opposing arm portions 
is formed laterally on a flan 9 e portion X of the input-side 
20 member while a pair of cross-shaft be.rin, holes 2 a are 
respectively formed in the arm portions of the forked portion 
2 «... ri 9 s. X and »>. * Pair of input-side couplin, through 
h ol.s 1. ar. formed in tn. flan,, portion I. Meanwhile, the 
output-side member B has a f lan 9 e portion 3 and an output shaft 
26 portion 4 which are formed inte 9 rally in the axial direction 
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,see Fig. 1). A pair of output-side coupling through holes 3s 
are formed in the flange portion 3 in suoh a manner as to be 
bilaterally symmetrical about the centre of the flange portion 
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A s shown in Fig. 3. an input-side stopper plate 5 has 
. substantially disc-shaped configuration, and has a pair of 
fixing through holes 5a which are formed bilaterally 
.ymm.tric.lly about the centre of the input-side stopper plate 
5 . The fixing through holes 5. are for coupling the input- 
10 side stopper plate 5 to the input-side member A. Further, the 
input-side stopper plate 5 has a pair of passing-through 
portions 5b arranged in a direction perpendicular to a line 
connecting the fixing through holes 5a. Each of the 
passing-through portions 5b has a notched shape in which an outer 
« periphera! portion of the input-side stopper plate 5 is cut off 
in a substantially c-shaped configuration. 

Similarly, an output-side stopper plate 6 has a 
substantially disc-shaped configuration in the same way as the 
inp ut-side stopper plate 5. and has a pair of fixing through 
20 holes 6a for coupling the output-side stopper plate « to the 
output-side member B. The pair of fixing through holes 6a are 
£or »ed bilaterally symmetrically about the centre of the 
output-side stopper plat. 6. Further, the output-side stopper 
p la te 6 has a pair of passing-through portions 6b arranged in 
25 a direction perpendicular to a line connecting the fixing 
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through holes 6a. The fixing through holes 6a and the 
passing-through portions 6b have shapes substantially similar 
O to those of the fixing through holes 5a and the passing-through 
portions 5b of the input-side stopper plate 5, respectively (see 
5 Fig. 3). 

The elastic plate member 7 has the shape of a disc and 
is formed of an elastic material such as rubber. The elastic 
plate member 7 is clamped by the input-side stopper plate 5 and 
the output-side stopper plate 6. Specifically, the input-side 
10 stopper plate 5 abuts against one side surface of the elastic 
plate member 7, and is secured to the input-side flange portion 
1 at an appropriate interval therewith by the use of tubular 
members 8, collar members 11, and shaft-shaped fixing means 9 
such as bolts (see Figs. 1 ad 2A) . The tubular members 8 are 
15 arranged on an appropriate circumference in the vicinities of 
the outer periphery of the elastic plate member 7 at equal 
intervals in such a manner as to be inserted in and project from 
the elastic plate member 7 . Projecting portions of the tubular 
members 8 are respectively inserted in hollow portions 11a of 
20 the collar members 11 (see Figs. 2A, 2B, and 3). 

Two of the tubular members 8 are each positioned between 
the fixing through hole 5a and the input-side coupling through 
hole la in the input-side member A. The input-side member A 
and the input-side stopper plate 5 are coupled together at an 
25 appropriate distance therebetween- in a state in which two 
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shaft-shaped fixing .eans 9 are respectively passed through the 
two tubular members 8. Similarly, the output-side member B and 
D the output-side stopper plate 6 are also coupled together by 
two tubular members 8 and two shaft-shaped fixing means 9 at 
5 an appropriate distance therebetween in the same way as the 
input-side member A and the input-side stopper plate 5. 

The two tubular members 8 and the two collar members 11 
for coupling the input-side member A and the input-side stopper 
plate 5 are loosely inserted in the passing-through portions 
10 6b in the output-side stopper plate 6. Also, the two tubular 
numbers 8 and the two collar members 11 for coupling the 
output-side member B and the output-side stopper plate 6 are 
loosely inserted in the passing-though portions 5b in the 
input-side stopper plate 5 (see Figs. 2A, 2B, and 3). 
15 as for the tubular members 8 which are passed through 

the elastic plate member 7, their portions projecting from the 
elastic plate member 7 are covered with the collar members 11. 
Namely, the tubular members 8 are respectively inserted in the 
hollow portions 11a of the collar members 11. The interval 
20 between the elastic plate member 7 and the input-side member 
A and the interval between the elastic plate member 7 and the 
output-side member B are fixedly set by the collar members 11, 
respectively. 

As another example of the tubular members 8, an 
25 arrangement may be provided such that, as shown in Figs. 12A 
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to 12C, tubular members 8 each having the same axial length as 
the thickness of the elastic plate member 7 are inserted in the 
D elastic plate member 7 to form one subassembly, and separate 
tubular members 8 each having the same axial length as that of 
5 the collar member 11 are inserted in the hollow portions 11a 
of the collar members 11 to form subassemblies on both sides 
of the elastic plate member 7 . These subassemblies are combined 
in use so as to couple the input-side member A and the input-side 
stopper plate 5 as well as the output-side member B and the 
10 output-side stopper plate 6 while appropriately setting their 
intervals, respectively. 

It should be noted that a metallic material may be used 
as the material of the tubular members 8, and a non-metallic 
material such as a synthetic resin or a hard rubber material 
15 may be used as the material of the collar- members 11. 
Appropriate clearances are provided between the collar member 
11 and the tubular member 8 and/or between the tubular member 
8 and the shaft-shaped fixing means 9. 

As shown in Fig. ISA, each of the shaft-shaped fixing 
20 means 9 as its first example is comprised of a combination of 
a bolt 9a and a nut 9b. The bolt 9a has a shank portion 9a, where 
threads are not formed and a threaded portion 9a, formed at a 
tip of the shank portion 9a, , and a knurled surface 9a 3 is formed 
in a portion of the shank portion 9a, in the vicinity of the 
25 bolt head. The diameter of the shank is set such that the shank 



portion 9a, of the bolt 9a can be inserted into each input- 
side coupling through hole la and each output-side coupling 
} through hole 3a by a pressure-fitting means. 

As the shank portions 9a, of the bolts 9a are inserted 
5 into the input-side coupling through holes la and the 
output-side coupling through holes 3a in a pressure-fitted state, 
it is possible to improve the accuracy in assembling the 
input-side member A and the input-side stopper plate 5 and 
assembling the output-side member B and the output-side stopper 
10 plate 6. 

Further, as shown in Fig. 15B, the knurled surface 9a 3 
makes the pressure-fitted state securer with respect to the 
input-side coupling through hole la and the output-side coupling 
through hole 3a, particularly prevents idle rotation of the 
15 shank portion 9a, , and makes the operation of tightening the 
nut 9b easier and more efficient. Further, as the nut 9b, it 
is preferable to use a self-locking nut, i.e., a nut having a 
mechanism for preventing the loosening of the tightened nut, 
but the nut 9b is not necessarily limited to the same. 
20 By using the self-locking nut as the nut 9b, it is possible 

to prevent the nut 9b from coming off the bolt 9a, with the result 
that it is possible to make securer the coupling between the 
input-side member A and the input-side stopper plate 5 and the 
coupling between the output-side member B and the output-side 
25 stopper plate 6. 
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Further, after the nut 9b is tightened onto the bolt 9a, 
it is preferable to form a deformed portion 9a 4 at an end face 
of the threaded portion 9a, of the bolt 9a by means of caulking, 
but the deformed portion 9a 4 may not necessarily be formed. In 
the event that a loosening occurs to the nut 9b, the nut 9b can 
be prevented from coming off as the deformed portion 9a, is formed 
by caulking. 

in a second example of the shaft-shaped fixing means 9, 
each shaft-shaped fixing means 9 is comprised of the bolt 9a 
alone. Internal threads are formed in an inner peripheral 
surface of the input-side coupling through hole la of the flange 
portion 1 and in an inner peripheral surface of the output- 
side coupling through hole 3a of the flange portion 3, and the 
shaft-shaped fixing means 9 constituted by the above bolts are 
able to threadedly engage with such internally threaded holes 
la and 3a (see Figs. 1, 2A, and 11)- 

Namely, in the above-described arrangement, the 
input-side stopper plate 5 is interposed between the output-side 
member B and the output-side stopper plate 6, while the 
output-side stopper plate 6 is interposed between the input-side 
member A and the input-side stopper plate 5. Further, the 
elastic plate member 7 is interposed between the input-side 
stopper plate 5 and the output-side stopper plate 6 (see Fig. 
2A) . 

The input-side member A and the output-side member B are 
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elsstically coupled to each other via tee elastic plate member 
7. When the rotating £ orce is transmitted fro. the input-side 
O »e»ber A to the output-side member B. if there is some resistance 
in the output-side member B . the elastic plate member 7 is 
5 el.stically twisted in the rotating direction, and causes .n 
offset in the angle of rotation, thereby preventing an excessive 
load from being applied to the input-side member A and the 
output-side member B. similarly, even in a case where the 
input-side member A and the output-side member B undergo a change 
10 in the tilting angle in the axial direction, the elastic plate 
„^,„ 7 is ela.txe.lly deflected, thereby preventing an 
excessive load from being applied to the input-side member A 
and the output-side member B. 

The elastic plate member 7 itself has , restoring force. 
15 and when the elastic plate member 7 is relieved of its load after 
oeing twisted in the rotating direction or undergoing deflection . 
the elastic plate member 7 is capable of restoring its original 
shape. In addition, the collar members 11 rot.tively move 
appropriately inside the passing-through portions 5b and 6b of 
20 the input- and output-side stopper plates 5 and 6 . As a result, 
the collar members 11 abut against side surfaces of the 
pessing-through portions 5b or 6b. preventing the elastic plate 
member 7 from being twisted further in the rotating direction. 

as shown in rigs. 1 to 3. . tilting-restrictin, member 
25 C as its first type is comprised of a connecting portion 10 and 
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the two collar .embers 11. all of which are formed integrally. 
The structure of each of these collar members 11 is such that 
} the tubular member 8 is inserted in the hollow portion 11a of 
the collar member 11 , as described before . These collar members 
5 11 serve to set the respective intervals between the elastic 
plate member 7 and the input-side member A and between the elastic 
plate member 7 and the output-side member B. Additionally, the 
collar members 11 constitute abutment portions (at their 
peripheral portions) with the inner peripheral surfaces of the 
10 passing-through portions 5b and 6b of the input- and output-side 
stopper plate 5 and 6 . A tilting-restr icting hole 12 is formed 
in a centre of the connecting portion 10. 

in the case of the tilting-restricting member C which 
is formed of a non-metallic material such as a synthetic resin 
15 or a hard rubber material, it is possible to reduce the striking 
sound occurring when the input-side member A and the output-side 
.ember B undergo relative rotation through the torsional 
deflection of the elastic plate member 7 , and the collar members 
11 formed of the non-metallic material are brought into contact 
20 with the inner peripheral surfaces of the respective 
passing-through portions 5b and 6b formed in the input- and 
output-side stopper plates 5 and 6. 

Further, a tilting-restricting shaft 14 is provided on 
either the input-side stopper plate 5 or the output-side stopper 
25 plate 6. Specifically, the tilting-restricting shaft 14 has 



18 



th e shape of a pin shaft, and is formed at a centre of a side 
of the input-side stopper plate 5 or the output-side stopper 
0 plate 6. The tilting-restricting shaft 14 is adapted to be 
inserted and accommodated in the tilting-restricting hole 12. 
5 ,n the example shown in Figs. 1. 2*. and ». the tilting- 
restricting shaft 14 is formed at the centre of a side of the 
output-side stopper plate 6. In the example shown in Fig. 3, 
the tilting-restricting shaft 14 is formed at the centre of a 
side of the input-side stopper plate 5. 
a0 The tilting-restricting shaft 14 is fixedly secured at 

the centre of the side of the input-side stopper plate 5 or the 
ou tput-side stopper plate . by a welding means, Alternatively, 
the tilting-restricting shaft 14 may be formed integrally at 
the centre of the side of the input-side stopper plate 5 or the 
15 output-side stopper plate . when the stopper plate 5 or 6 is 
press worxed by using a metal plate as a material. 

m the case where the tilting-restricting member C is 
£ ormed of the non-metallic material such as a synthetic resin 
or a hard rubber material, the tilting-restrictin, shaft 14 is 
2 0 directly inserted and accommodated in the tilting-restricting 
hole 12 to provide a mechanism for preventing the tilting of 
the input-Side member A and the output-side member B with respect 
to the axial direction. In addition, the tilting-restricting 
shaft 14 serves to prevent the input-side stopper plate 5 and 
25 the output-side stopper plate 6 from coming into contact with 
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their opposing collar members 11 and tubular members 8 due 
the tilting of the input-side member A and the output-side member 
0 B with respect to the axial direction. Further, since no 
metallic contact takes place between the input- and output- 
5 side members A and B, it is possible to suppress the transmission 
of vibrations from the output-side member B {e.g., the steering 
gear side) to the input-side member A (e . g . , the steering column 
side) . 

As a second type of the tilting-restricting member C, 
10 as shown in Figs. 2A, 2B, and 5A, the tilting-restricting member 
C is provided with an elastic member 13 which is formed of such 
as an elastic rubber material or an elastic synthetic resin, 
the elastic member 13 being provided between an inner periphery 
of the tilting-restricting hole 12 and an outer periphery of 
15 the tilting-restricting shaft 14. Specifically, the elastic 
member 13 has a hollow cylindrical shape , and is fitted in advance 
in the tilting-restricting hole 12 . The elastic member 13 maXes 
it possible to further enhance the effect of suppressing the 
transmission of vibrations from the output-side member B to the 
20 input-side member A. Incidentally, in the tilting-restricting 
member C. in a case where the connecting portion 10 and the collar 
m embers 11 are formed separately, and the connecting portion 
10 is formed of a metallic material, the transmission of the 
vibrations can be similarly suppressed by providing the elastic 
25 member 13 between the inner periphery of the tilting-restricting 
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hole 12 and the outer periphery of the tilting-restricting shaft 
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As a third type of the tilting-restricting member C, as 
shown in Fig. 10A, the tilting-restricting member C is provided 
with a pair of enlarged width portions 10a which are provided 
on both sides of the longitudinally centre portion of the 
connecting portion 10, i.e., on both sides of the tilting- 
restricting hole 12. The enlarged width portions 10a make it 
possible to increase the area of that portion of the connecting 
portion 10 which surrounds the tilting-restricting hole 12, and 
increase areas of portions surrounding the two collar members 
11. The enlarged width portions 10a allow the tilting- 
restricting member C to abut against the input-side member A 
or the output-side member B with a greater area by virtue of 
the provision of such a shape, so that it is possible to prevent 
the tilting of the tilting-restricting shaft 14 more reliably 
(see Fig. 10B) . 

As a fourth type of the tilting-restricting member C, 
as shown in Fig . 7A, the tilting-restricting member C is provided 
with a projecting tubular portion 10b which is formed in such 
a manner as to project from a peripheral edge of the 
tilting-restricting hole 12 in the connecting portion 10. In 
the tilting-restricting member C of this fourth type, as shown 
in Fig. 7B, the projecting tubular portion 10b is loosely 
inserted in a recess 15 formed in an axially centre portion of 
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the flange portion 1 of the input-side member A or the flange 
portion 3 of the output-side member B, in such a manner as to 
be slidable inside the recess 15. By forming this projecting 
tubular portion 10b, the axial length of the tilting-restricting 
hole 12 can be enlarged, and the wall thickness of the outer 
peripheral portion of the tilting-restricting hole 12 can be 
enlarged, thereby making it possible to increase the strength 
of the tilting-restricting member C. 

For this reason, it is possible to obtain a large contact 
surface along the axial direction between the inner peripheral 
surface of the tilting-restricting hole 12 and the outer 
periphery of the tilting-restricting shaft 14 provided on either 
the input-side stopper plate 5 or the output-side stopper plate 
6. Consequently, the tilting-restricting shaft 14 can be 
reliably held in the tilting-restricting hole 12, and the 
tilting of the input-side member A and the output-side member 
B with respect to the axial direction can be prevented. 

As a fifth type of the tilting-restricting member C, as 
shown in Fig. 8A, the tilting-restricting member C is provided 
with an escape portion 10c which is formed around the 
tilting-restricting hole 12 as a recessed flat portion between 
axial ends of the two collar members 11 in the connecting portion 
10 facing the end face of either the input-side member A or the 
output-side member B. As the tilting-restricting member C is 
thus formed, the tilting-restricting member C clamped between 



22 



the elastic plate member 7 and the end face of either the 
input-side member A or the output-side member B is able to cause 
the tightening force exerted by the shaft-shaped fixing means 

9 to be applied only to the collar members 11 (see Fig. 8B). 

For this reason, even if the recessed flat surface of 
the connecting portion 10 of the tilting-restricting member C 
and the end face of the input-side member A or the output-side 
member B have irregularities in their surfaces, only the collar 
members 11 come into contact with the end face of the input-side 
member A or the output-side member B, and the connecting portion 

10 does not abut against such an irregular surface. Hence, it 
is possible to prevent the deformation of the inner peripheral 
surface of the tilting-restricting hole 12 in the tilting- 
restricting member C, and it is possible to avoid an external 
force which may be otherwise applied to the inner peripheral 
surface of the tilting-restricting hole 12 during assembly. 

The arrangement provided is such that the end face of 
the input-side member A or the output-side member B opposing 
the tilting-restricting hole 12 in the tilting-restricting 
member C is formed as a flat surface, and the recessed escape 
portion 10c which is larger than the tilting-restricting hole 
12 is formed (see Fig. 8B) . On the other hand, in a case where 
the flat portion of the tilting-restricting member C which faces 
the end face of the input-side member A or the output-side member 
B is not provided with the recessed escape portion 10c, a hole 
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larger than the tilting-restricting hole 12 may be formed in 
an end face portion of the input-side member A or the output-side 
member B. 

Namely, as shown in Fig. 9, a receiving hole 16 having 
a diameter larger than that of the tilting-restricting hole 12 
is formed in the end face portion of the input-side member A 
or the output-side member B. The arrangement provided is such 
that the tilting-restricting shaft 14 formed on either the 
input-side stopper plate 5 or the output-side stopper plate 6 
is inserted through the tilting-restricting hole 12 of the 
tilting-restricting member C, and a distal end portion of the 
tilting-restricting shaft 14 is received in the receiving hole 
16. Thus the tilting of the input-side member A and the 
output-side member B with respect to the axial direction is first 
prevented by the inner peripheral surface of the tilting- 
restricting hole 12. 

Then, in a case where an excessive bending load is applied 
to the tilting-restricting shaft 14, the inner peripheral 
surface of the tilting-restricting hole 12 or the rubber-made 
elastic member 13 provided on its inner periphery can be deformed 
by the tilting-restricting shaft 14, so that the tilting- 
restricting shaft 14 tends to be substantially inclined inside 
the tilting-restricting hole 12. Such a state can be prevented 
by the stopper mechanism wherein the inner peripheral surface 
of the receiving hole 16 formed in the input-side member A or 
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the output-side member B and the outer peripheral surface of 
the distal end portion of the tilting-restricting shaft 14 abut 
against each other. 

Further, as a sixth type of the tilting-restricting 
member C, as shown in Figs. 14A and 14B r the connecting portion 
10 and the collar members 11 are formed separately by using 
different materials, the connecting portion 10 being formed of 
a metallic material and the collar members 11 being formed of 
a resin material. 

Although, in the above-described embodiments, a 
description has been given of the example in which the 
tilting-restricting member C is interposed between the 
input-side member A and the elastic plate member 7, an 
arrangement may be provided such that the tilting-restricting 
member C is interposed between the output-side member B and the 
elastic plate member 7, as shown in Fig. 11. 

in still another embodiment, as shown in Fig. 13, a pair 
of annular elastic members 17 each formed in the shape of a facing 
plate are interposed between the end face of the tilting- 
restricting member C and the input-side member A or the 
output-side member B opposing that end face. Specifically, the 
annular elastic members 17 are disposed in such a manner as to 
be fitted over the respective tubular members 8. Since such 
a structure is adopted, it is possible to improve the capability 
of dampening vibrations in the transmission of vibrations 
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between the output-side member B and the input-side member A. 

To sum up the basic arrangement of the above-described 



/ elastic shaft coupling apparatus in accordance with the present 
invention, the elastic shaft coupling apparatus comprises : the 
5 input-side stopper plate 5; the output-side stopper plate 6; 
the elastic plate member 7 clamped by the input-side stopper 
plate 5 and the output-side stopper plate 6; the tubular members 
8; the collar members 11 into which the tubular members 8 are 
respectively inserted with clearances; the input-side member 
10 A secured to the input-side stopper plate 5 at an appropriate 
interval therewith via the tubular members 8 and the collar 
members 11; the output-side member B secured to the output- 
side stopper plate 6 at an appropriate interval therewith via 
the tubular members 8 and the collar members 11, and elastically 
15 coupled to the input-side member A in an axial direction and 
in a circumferential direction; the tilting-restricting shaft 
14 formed on one of the input-side stopper plate 5 and the 
output-side stopper plate 6 ; and the tilting-restricting member 
C fixed between the elastic plate member 7 and one of the 
20 input-side member A and the output-side member B, and having 
the tilting-restricting hole 12 for accommodating the 
tilting-restricting shaft 14 therein. Accordingly, first of 
all, there is an advantage in that even if axes L x and L, of the 
input-side member A and the output-side member B are offset from 
25 each other (see Fig. 4), it is possible to constantly maintain 
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the tilting-restricting member C and the tilting-restricting 
shaft 14 in proper states. Secondly, an advantage can be 
0 obtained in that the structure can be simplified. 

To give a detailed description of the above advantages, 
5 the present invention does not adopt the conventional structure 
in which the tilting-restricting shaft 14 provided on either 
the input-side stopper plate 5 or the output-side stopper plate 
6 is inserted into the input-side member A or the output-side 
member B itself. Instead, the present invention adopts a 
10 structure in which the tilting-restricting shaft 14 provided 
on either the input-side stopper plate 5 or the output-side 
stopper plate 6 is accommodated in the tilting-restricting hole 
12 of the tilting-restricting member C provided between the 
elastic plate member 7 and one of the input-side member A and 
15 the output-side member B. By making use of the clearances each 
provided between the collar member 11 and the tubular member 
8 and/or between the tubular member 8 and the shaft-shaped fixing 
means 9, the tilting-restricting member C can be moved in a 
direction perpendicular to' the axial direction independently 
20 of the input-side member A or the output-side member B. 

Therefore, as shown in Fig. 4, a situation is now assumed 
to have occurred in which the axis L k and the axis L, are offset 
from each other due to an error in assembly of the tilting- 
restricting shaft 14 of the stopper plate and the input-side 
25 member A or the output-side B, and that an offset with a gap 
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of a dimension d has occurred therebetween, degrading the 
positional accuracy of the tilting-restricting shaft 14 of the 
stopper plate. Even in such a case, in accordance with the 
present invention, since the tilting-restricting member C is 
provided separately from the input-side member A and the 
output-side member B, the tilting-restricting member C can be 
moved in a direction perpendicular to the axial direction within 
the range of the clearance. 

Namely, as shown in Fig. SB, positional adjustment of 
the tilting-restricting shaft 14 in the tilting-restricting 
hole 12 becomes possible simply by moving the respective tubular 
members 8 by an amount of the dimension d such that the axial 
centre 8p of each tubular member 8 becomes aligned with the axial 
centre lip of the hollow portion 11a of each collar member 11 
in the tilting-restricting C. Hence, within the allowable range 
of adjustment, the axis of the tilting-restricting shaft 14 can 
be aligned with the centre of the tilting-restricting hole 12. 

As a result, it is possible to overcome the state of uneven 
contact between the outer peripheral surface of the 
tilting-restricting shaft 14 and the inner peripheral surface 
of the tilting-restricting hole 12, so that it is possible to 
make smooth the sliding of the tilting-restricting shaft 14 in 
the tilting-restricting hole 12 due to the axial deflection of 
the elastic plate member 7 serving as an elastic shaft coupling. 
Accordingly, it is possible to cause the vibrations-damping 
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effect to be exhibited sufficiently with a predetermined spring 
constant without hampering the axial deflection of the elastic 
D plate member 7, thereby maKing it possible to stabilise the 
performance of the apparatus. 
5 in accordance with the present invention, since the 

positional adjustment of the tilting-restricting shaft 14 can 
be made through the adjustment of clearances between the collar 
me mber 11 and the tubular member 8 and/or between the tubular 
menb er 8 and the shaft-shaped fixing means 9 in the respective 
10 insertion hole, the tilting-restricting shaft 14 can be inserted 
and accommodated in the tilting-restricting hole 12 in a coaxial 
neutral state without enlarging the clearance between the outer 
peripheral surface of the tilting-restricting shaft 14 and the 
inner peripheral surface of the tilting-restricting hole 12 or 
15 without increasing parts processing accuracy and assembling 
accuracy. Therefore, the mechanism for preventing the tilting 
of the input-side member A and the output-side member B is able 
to sufficiently demonstrate its performance without increasing 
the product cost. 
20 Further, if. as described above, the elastic shaft 

coupling apparatus is arrayed to further emprise the hollow 
cylindrical elastic member 13 interposed between the inner 
peripheral surface of the tilting-restricting hole 12 in the 
tilting-restricting member C and the outer peripheral surface 
25 of the tilting-restricting shaft 14. in addition to the 
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aforementioned advantages, it is possible to expect a greater 
effect of the tilting-restricting shaft 14 in dampening 
D vibrations by means of the elastic member 13. In addition, even 
if the tilting-restricting shaft 14 becomes tilted vith respect 
5 to the axial direction of the tilting-restricting hole 12, the 
tilting-restricting shaft 14 is forcibly pushed back owing to 
the restoring property of the elastic member 13 in such a way 
that the axial centre of the tilting-restricting shaft 14 is 
aligned again with the axial centre of the tilting-restricting 
10 hole 12. Hence, the performance of correcting the tilting of 
the tilting-restricting shaft 14 improves. 

Further, if, as described above, in the elastic shaft 
coupling apparatus, the tilting-restricting member C and the 
collar members 11 are integrally formed of a synthetic resin, 
15 when the collar members 11 of the tilting-restricting member 
C and the like come into contact with the input-side stopper 
plate 5 or the output-side stopper plate 6, metallic contact 
can be avoided virtually completely, thereby making it possible 
to reduce the contact noise sufficiently. In addition, since 
20 the two collar members 11 are integrally formed with the 
tilting-restricting member C , the number of component parts used 
can be substantially reduced, which in turn reduces the number 
of assembling steps, improves productivity, and lowers the 
product cost. 

25 Further, if, as described above, the elastic shaft 
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coupling apparatus is arranged to further comprise the 
projecting tubular portion 10b formed in such a manner as to 
project from a peripheral edge of the tilting-restricting hole 
12 of the tilting-restricting member C and accommodated in the 
5 recess 15 formed in an end face portion of one of the input-side 
member A and the output-side member B, the axial length of the 
tilting-restricting hole 12 can be increased by the formation 
of the tubular portion 10b. Hence, the wall thickness of the 
outer peripheral portion of the tilting-restricting hole 12 can 
10 be enlarged, thereby making it possible to increase the strength 
of the tilting-restricting member C. 

For this reason, it is possible to obtain a large contact 
area along the axial direction between the inner peripheral 
surface of the tilting-restricting hole 12 and the outer 
15 periphery of the tilting-restricting shaft 14 provided on either 
the input-side stopper plate 5 or the output-side stopper plate 
6. Consequently, the tilting-restricting shaft 14 can be 
reliably held in the tilting-restricting hole 12, and the 
tilting of the input-side member A and the output-side member 
20 B with respect to the axial direction can be prevented. 

Further, if, as described above, in the elastic shaft 
coupling apparatus, the tilting-restricting shaft 14 
accommodated in the tilting-restricting hole 12 of the 
tilting-restricting member C has its distal end portion received 
25 in the receiving hole 16 having a diameter larger than that of 
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the tilting-restricting hole 12 and formed in an end face portion 
of one of the input-side member A and the output-side member 
B, the inner peripheral surface of the receiving hole 16 Berves 
as a stopper for restricting the tilting of the tilting- 
5 restricting shaft 14. 

Namely, in a case where an excessive bending load is 
applied to the tilting-restricting shaft 14 in the tilting- 
restricting hole 12, the tilting-restricting shaft 14 which is 
thereby tilted strongly abuts against the inner peripheral 
10 surface of the tilting-restricting hole 12, causing deformation 
of the inner peripheral surface of the tilting-restricting hole 
12. Alternatively, the elastic member 13 which is provided in 
the tilting-restricting hole 12 may become deformed 
substantially. 

15 in such a case, a large inclining force of the 

tilting-restricting shaft 14 inside the tilting-restricting 
hole 12 is received by the inner peripheral surface of the 
receiving hole 16 formed in the input-side member A or the 
output-side member B as the inner peripheral surface of the 

20 receiving hole 16 abuts against the outer peripheral surface 
of the distal end of the tilting-restricting shaft 14. 
Accordingly, it is possible to prevent the deformation of the 
inner peripheral surface of the tilting-restricting hole 12 and 
protect the elastic member 13. 

25 Further, if, as described above, the elastic shaft 
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coupling apparatus is arranged to further comprise the facing 
plate-shaped elastic member 17 interposed between an end face 
-"O ° f the tilting-restricting member C and one of the input-side 
me mber A and the output-side member B opposing that end face, 
5 it is possible to improve the capability of dampening vibrations 
in the transmission of vibrations through the facing plate- 
shaped elastic member 17 interposed between contact surfaces 
of the tilting-restricting member C and the input-side member 
A or the output-side member B. 
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CLAIMS; 

^ 1. An elastic shaft coupling apparatus comprising: 

an input-side stopper plate; 
5 an output-side stopper plate; 

an elastic plate member clamped by said input-side 
stopper plate and said output-side stopper plate; 
tubular members; 

collar members into which said tubular members are 
10 respectively inserted with clearances; 

an input-side member secured to said input-side stopper 
plate at an appropriate interval therewith via said tubular 
members and said collar members; 

an output-side member secured to said output-side 
15 stopper plate at an appropriate interval therewith via said 
tubular members and said collar members , and elastically coupled 
to said input-side member in an axial direction and in a 
circumferential direction; 

a tilting-restricting shaft formed on one of said 
20 input-side stopper plate and said output-side stopper plate; 
and 

a tilting-restricting member fixed between said elastic 
plate member and one of said input-side member and said 
output-side member, and having a tilting-restricting hole for 
25 accommodating said tilting-restricting shaft therein. 
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2. An elastic shaft coupling apparatus according to Claim 

1, further comprising: 

a hollow cylindrical elastic member interposed between 
an inner peripheral surface of said tilting-restricting hole 
in said tilting-restricting member and an outer peripheral 
surface of said tilting-restricting shaft. 



3. An elastic shaft coupling apparatus according to Claim 1 
10 or claim 2. wherein said tilting-restricting member and said 

collar members are integrally formed of a synthetic resin. 

4. An elastic shaft coupling apparatus according to any of 
the preceding claims, further comprising: 

15 a projecting tubular portion formed in such a manner as 

to project from a peripheral edge of said tilting-restricting 
hole of said tilting-restricting member and accommodated in a 
recess formed in an end face portion of one of said input-side 
member and said output-side member. 

20 5. An elastic shaft coupling apparatus according to 

any of the preceding claims , 

wherein said tilting-restricting shaft accommodated in said 

tilting-restricting hole of said tilting-restricting member has 

a distal end portion received in a receiving hole having a 

25 diameter larger than that of said tilting-restricting hole and 
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formed in an end face portion of one of said input-side member 
and said output-side member. 



6. An elastic shaft coupling apparatus according to any 
5 of the preceding claims, further comprising: 

a facing plate-shaped elastic member interposed between 
an end face of said tilting-restricting member and one of said 
input-side member and said output-side member opposing that end 
face . 

0 

7. An elastic shaft coupling apparatus substantially as 
hereinbefore described with reference to any of the examples 
shown in Figures 1 to 15 of the accompanying drawings. 
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